Rabbit pial resistance artery segments were cannulated at both ends so they could be perfused with physiological saline solution and were maintained in a tissue bath of the same solution. Both were kept at 370 C and equilibrated with 95% 02 and 5% CO2. 
T he myogenic response, the contraction of vascular smooth muscle that follows stretch of the blood vessel wall, has been recognized since the turn of the century. ' This phenomenon has been demonstrated in vivo and in vitro under a variety of circumstances, and many aspects of its cellular mechanism are known.23 However, only recently have flow-induced changes in resistance artery and small vein wall tone been observed in vitro. 45 These observations were made during the infusion of physiological saline solution (PSS) into myograph-mounted artery segments when wall force was recorded isometrically. It is clear that these in vitro experiments have a number of drawbacks, one of which is that possible interactions between pressure-and flow-induced changes cannot be observed. In vivo, a change in vascular pressure is likely to be associated with concomitant changes in flow and vice versa. Thus, the final state of the blood vessel wall tone after changes of pressure in vivo probably represents the interaction of these two (and possibly other) factors. However, separation of pressure and flow in small blood vessels in the intact organism represents a considerable experimental challenge.
In this paper, we report that flow contraction and flow dilation as well as the myogenic response can be observed in saline-perfused pial artery segments (approximately 200 gm o.d.). These segments were mounted in an apparatus in which changes in segmental diameter can occur and are registered by an automated video monitoring system.6 By using two servo-controlled perfusion pumps, pressure and flow through the segments could be controlled independently. The Figure 1 ). An increase in pressure caused an immediate increase in diameter followed by a relatively slow contraction, which leveled out at or close to the prepressure increase level. The first but not the second component was observed when pressure was increased in an artery bathed in calcium-free Krebs' bicarbonate solution. When the intraluminal pressure was decreased, there was invariably an immediate decrease in arterial diameter, followed by a slower return to the original level. Again, the first but not the second phase was observed under calciumfree conditions. In a series of experiments, arterial diameters of a segment measured after equilibration, several hours after setup at 30, 60, and 90 mm Hg, were not significantly different from each other (see Table 1 ).
Intraluminal flow (20 ,ul/min) caused two types of responses. The one which was invariably observed at 30 mm Hg was dilation, an increase in diameter ( Figure 1 , flow were small and varied between means of 2.1 and 3.0 mm Hg (see Table 1 ). Discussion When PSS is infused through an isolated artery segment isometrically mounted in a myograph, contraction and dilation have been observed in rabbit pial resistance arteries, the same vessel used in this study.45 These arteries also respond to stretch.7 All of these changes occur after endothelium removal and probably originate from the effects of flow and stretch on the vascular smooth muscle cells. Although techniques centered around the myograph have considerable experimental advantage for some objectives, because all responses are measured isometrically, this approach has its limitations. In vivo, arteries and veins effect their physiological changes primarily through changes in diameter, and changes in diameter do not occur under isometric conditions.
The pial resistance artery mounted in the automated video perfusion system can change its diameter. After equilibration during which the artery develops active tone in the absence of flow, the artery maintains its diameter over the intravascular pressure range of 30-90 mm Hg. The restoration of diameter after pressure change was an active response in that it did not occur under calcium-free conditions.
Two qualitatively different responses to flow were observed. At the lower pressure (30 mm Hg and to a much less extent at 60 mm Hg), flow caused dilation ( Figure 1 ) commonly followed at its cessation by constriction to below preflow levels to which it subsequently returned. At the higher pressure (90 mm Hg), constriction was observed commonly followed when flow was stopped by dilation, before restoration of the control diameter (Figure 1 ). The flow rate used was of the same order as that determined in vivo in arteries of similar size in other vascular beds.89 The infusion of saline through an artery segment from the rabbit ear isometrically mounted in a myograph can, according to the circumstances, cause either contraction or relaxation. 10 These present experiments also show that flow can cause two diametrically opposite changes. In the segments that were mounted in a myograph and that possess little intrinsic (stretch-induced) tone, evidence has been obtained that flow-induced effects are probably the sum of these constrictor and dilator influences and that these together tend to move the level of artery wall tone toward an intermediate level. 10 It may be that the overshoot in diameter seen on flow cessation in these present studies, particularly after flow contraction (see Table 1 ), reflects the interaction of two such independent flow-induced effects. In parallel to the flow-induced contractions in the myograph experiments, which were abolished by calcium-free conditions (J.A. Bevan and E.H. Joyce, unpublished data, 1989) flow-induced vasoconstriction observed in these experiments had a similar calcium dependence.
These studies show that arterial diameter changes associated with flow were not restored by the myogenic mechanism that was so effective in maintaining arterial diameter when that was changed by pressure. We cannot, however, exclude the possibility that myogenic mechanisms may have modified the effect of flow. Until we know more about the cellular mechanisms involved with these changes in tone, we cannot explain why flow-induced effects are not compensated for by the myogenic response. This observation, however, and the fact that at 30 mm Hg flow causes dilation and pressure myogenic contraction serve to substantiate the claim that the response of these small vessels to pressure and flow are independent.
This pattern of arterial wall response to flow seems an appropriate homeostatic mechanism. When intravascular and thus organ perfusion pressure is low, an increase in intraluminal flow by causing vasodilation would tend to expose the arterial wall to a greater flow or pressure. On the other hand, when intravascular pressure is high and when myogenic tone is considerable, presumably protecting the brain from the consequence of this pressure by maintaining pial diameter, an increase in flow rather than mitigating against this myogenic tone, enforces it.
